The aim of this paper is to study on the mineralogy, morphology, magnetic property and composition of the sand of Brahmaputra River, Bangladesh. The sand has been collected from randomly selected seven places and separated by High Intensity Rolling Magnetic Separator into three fractions, viz. magnetic, para-magnetic and non-magnetic parts. The identifications of the valuable heavy minerals existing in these fractions have been performed. The valuable heavy minerals in the separated fractions have been counted under reflected and polarizing microscope and it is found that the magnetic fraction contains ilmenite, magnetite and garnet. The major grain size fraction of the magnetic fraction is 125 -250 μm (57.18%). Zircon, rutile, xenotime, monazite, sillimanite etc. have been counted in other two fractions. X-ray Diffraction (XRD), X-ray Fluorescence (XRF) and Isodynamic Separator have been applied for mineral assessment and to quantify the relative proportion of mineral species.
Introduction
The Brahmaputra River originating in Tibet and flowing through Tibet and the north-eastern part of India enters Bangladesh in Nagaswari Thana of Kurigram District (Fig.  1) . The system is a very large scale sand bed braided river (Coleman, 1969 ) of a 15 km width with individual channels of 2-3 km wide. His bed level has an elevation of 7-20m above the sea level (Rahman 1972) . The River carries 7.35-8.00×10 8 ton of sediment every year. The sediment contains large quantity of sandy materials, which are generally laid down on the bed of the river, forming sand bars. The thickness of sand deposits up to gravel bed is 44 m (Umitsu 1991) . Alluvial sediments contain both light and heavy minerals in many countries of the world in the coastal areas as well as in land areas. For economic exploitation of mineral sands, it is necessary to identify the minerals present, quantify total reserves of sand deposits, determine the contents and quality of economic minerals, and find the market demands in the country and abroad. The main objective of this study is to work with the magnetic fraction because the concentration of the valuable heavy minerals (VHM) in the magnetic fraction is high and can be separated easily by magnetic separator. Keeping these points in mind, a field trip was made and some sediment samples were collected from the newly developed sand bars of the Brahmaputra basin to find out the percentage and morphology, mineralogy of valuable heavy minerals present together with the chemical compositions.
Materials and Methods
The samples seven in number are collected from 1 m depth and the locations are shown in Fig. 1 . The samples have been separated at 60 rpm (magnetic fraction) and 140 rpm (paramagnetic fraction) speed by High Intensity Rolling Magnetic separator. Each sample (100 g) is sieved through a sieve shaker (US sieve 35, 60, 120, 230 and 325) after removing organic matter from the samples by washing several times with 1N HCl followed by distilled water. The visual identification of heavy minerals in the fractions was made by using a polarizing microscope and binocular microscope (under transmitted and reflected light). The every mineral countable in the sample (opaque: such as ilmenite and transparent: such as Zircon, Kyanite, etc.) were estimated by counting a minimum of 200 grains by the ribbon method as described by Mange and Maurer (1991 For XRD analysis, a Philips PANalytical X'Pert Pro MPD (PW3040) automated powder diffractometer equipped with a Cu-Kα radiation source operated at 40 KV-30 mA was used. The selected scan range was 10-80 o with a step size of 0.020 o and counting time of 0.50 s. The digital data were interpreted by auto matching with the data available in 'X'Pert High Score Plus' software of the XRD system used.
The elemental compositions were determined by X-ray fluorescence (XRF) Spectrometric method using Rigaku ZSX Primus XRF machine equipped with an end window 4 KW RH -Anode X-ray tube operated at 40 KV -60 mA for heavy elements and 30 KV -100 mA for light elements. A standard procedure was followed to make sample for XRF analysis Tatsumi 1994, 1996) .
Results and Discussion

Magnetic separation
Seven samples on magnetic separation by High Intensity Rolling Magnetic Separator show that the amount of magnetic fraction varies from 6.63% to 18.86%; whereas, the amount of para-magnetic fraction varies from 7.95% to 16.17% (Table I) . The grain size distribution shows that the predominant (57.18%) size is in the rank of 125 -250 µm in the magnetic fraction. Similarly, 60.37% and 64.5% of paramagnetic and non-magnetic fractions, respectively, have the grain size of above range (Table II) . It is noticed that mag- 
Grain counting by microscope
The binocular and polarizing microscopes are used to identify the valuable minerals in the magnetic, para-magnetic and non-magnetic fractions. Ilmenite (5.95%), garnet (8.84%) and magnetite (4.65%) are identified in the magnetic fraction. Ilmenite (3.60%) and garnet (2.74%) are also identified in the para-magnetic fraction associated with monazite (1.35%), zircon (0.34%), chlorite (2.59%) and kyanite (5.22%). The grains of ilmenite and garnet that are found in the para-magnetic fractions are usually weathered and (Table III) . The SEM photograph of the magnetite grain shows that it is mostly fresh, unaltered and inclusion free (Fig. 2) .
Phase identification
There are a large number of different minerals present, many of which have overlapping peaks, making identification challenging by XRD method. XRD analysis of the non-magnetic part reveals that the solids are predominately quartz (intensity counts is high in contrast with other phases and also other fractions) with a significant number of minor phases of feldspar, zircon, mica, hornblende, rutile, anatase (Fig. 3a) . The XRD method of phase identification is consistent with microscopic study and as well as XRF analysis. The XRD pattern of para-magnetic part identifies mainly the phases of quartz, feldspar, hornblende, monazite, olivine, ilmenite, biotite, kyanite and garnet (Fig. 3b) . The maximum intensity of the magnetic part predominantly shows muscovite along with magnetite, ilmenite, biotite, garnet, olivine, pyroxene, hornblende and hematite (Fig. 3c) .
Elemental analysis
The elemental composition of three fractions reflects the overall chemistry of minerals contained in the fractions.Such information is useful to identifying fractions of mineralogi- Table IV . From this study it is observed that the marked enrichment of iron oxide (21.604%) and titanium oxide (2.368%) together with inclusion of lesser amount of silicon oxide (39.132%) occur in the magnetic part than in other two parts.
Conclusions
The present study shows the magnetic properties of the sand of Brahmaputra River and identifies it as a source of Fe and Ti bearing minerals magnetite and ilmenite which are economically valuable and huge demand in the international market. The Al, K, Mg, Si bearing minerals (e.g. olivine, pyroxene, hornblende, mica etc.) can not be separated easily by physical separation method and are less economically valuable in contrast with magnetite and ilmenite through physical separation. It is found that the magnetic fraction is important because the concentration of valuable minerals in it is high and can be separated easily from other two fractions. The concentration of valuable heavy minerals in the sand of the Brahmaputra river is remarkable. The heavy minerals ilmenite (5.95%), garnet (8.84%), magnetite (4.65%) are enriched in the magnetic fraction while zircon (1.42%), rutile (1.36%) are enriched in the non-magnetic fraction. On the basis of the minerals ilmenite and magnetite as main products and other minerals zircon, rutile, garnet, sillimanite etc. may be bi-product; a mine and a mineral separation plant can be developed in the Nagaswari Thana of Kurigram district where the Brahmaputra river enters Bangladesh. For this purpose, a comprehensive study is required to assess the reserve estimation and have to setup a pilot plant before establishing a mine and mineral separation plant.
